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TRANSGENIC MONOCOTYLEDONOUS PLANTS OVEREXPRESSING A NHX PROTEIN AND HAVING 
IMPROVED GROWTH CHARACTERISTICS AND METHODS FOR MAKING THE SAME 



5 The present invention relates generally to the field of molecular biology and concerns a 
method for improving the growth characteristics of monooofytedonous plants. More specUicafly, 
the present invention concerns a method for improving the growth characteristics of 
monocotyledonous plants by increasing, in a monocotyledonous plant, expression of a nucleic 
acid encoding an NHX protein and/or by increasing activity of an NHX protein. The present 

10 invention also concerns monocotyledonous plants having increased expression of a nucleic 
acid encoding an NHX protein and/or increased activity of an NHX protein, which plants have 
improved growth characteristics relative to corresponding wild type monocotyledonous plants. 
The plants are grown under non-salt stress conditions and have improved growth 
characteristics compared to their wild-type counterparts also grown under corresponding 

15 conditions. 

The ever-increasing worid population and the dwindling supply of arable land available for 
agriculture fuel agricultural research towards improving the efficiency of agriculture and to 
bicraase the diversity of plants in horticulture. Conventional means for crop and horticultural 

20 improvements utilise selective tweeding techniques to identiiy plants having desirable 
characleristtes. However, such selective breeding techniques have several drawbacks, namety 
that these techniques are typically lat>our intensive and result in plants that often contain 
h^eiogeneous genetic components that may not always result In the desirable trait being 
passed on from parent plants. Advances in molecular biology have allowed mankind to 

25 manipulate the germplasm of animals and plants. Genetic engineering of plants entails the 
isolation and manipulation of genetic material (typksilty in the form of DNA or RNA) and the 
subsequent introduction of that genetic material into a plant Such technokigy has led to the 
development of plants having various Improved economic, agronomic or horticultural traits. A 
trait of particular economic interest is yiekl. Yield is normally defined as the measurable 

30 produce of economic value from a crop. This may be defined in temris of quantity and/or 
quality. Yiekj is directiy dependent on several factors, for example, the numt)er and size of the 
organs, plant architecture (for example, the number of t>ranches). seed (ffoductfon and more. 
Root devetopment, nutrient uptake and stress tolerance may also be important factors in 
determining yiekl. Yield may therefore b& increased by optimizing one of the abovementioned 

35 factors. 
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The abflity to improve various growth characteristics of a plant would have many applications 
in areas such as crop enhancement, plant breeding, in the production of ornamental plants, 
aboriculture. horticulture and forestry. Improving growth characteristics, such as yield may also 
find use in the production of algae for use in bioreactors (for the fc>iotechnotogical production of 
S substances such as pharmaceuticals, antibodies, or vaccines, or for the bioconverston of 
organic waste) and other such areas. 

It has now t>een found that the growth characteristics of a monocotytedonous plant may be 
improved by increasing expressbn in a monocotytedonous plant of a nucleic acid encoding an 
10 NHX protein and/or by increasing activity in a monocotytedonous plant of an NHX protein, 
which monocotytedonous plant is grown under non-salt stress conditions. The improved 
growth characteristics are improved as compared to the growth characteristics of wild type 
counterparts grown under corresponding conditions. 

15 The NHX protein is a sodium antiporter and as an active sodium pump the NHX protein is 
involved in extmding Na+ tons from the cytoplasm into the vacuole of a cell. This is one of the 
mechanisms used by a plant to protect the cells against high salinity in the soil and in the 
water. NHX genes have been isolated from a number of plant species, such as Awbkiop&s 
(Gaxiola ef a/. 1999. PNAS 96(4). 1480-1485), rice (OsNHX, (Fukuda et a/. Molecular doning 

20 and expression of the Na+/H+ exchanger gene in Oryza saUva. Biochtm Biophys Acta. 1999 
Jul 7:1446(1-2):149-55) and from AbiplGX (AgNHX. JP2000157287). 

Transgenic plants overexpressing the Arafr/dSopsrs gene AflsIHX have been shown to have 
increased tolerance to high salinity (200 to 400 mM NaCL) in growth mecfia. Examples of salt- 

25 tolerant Arabidopsis plants, tomato plants and Brassica have been described. (Apse et al.. Salt 
tolerance conferred by overexpression of a vacudar Na+/H+ antiporter in Arabfdopsis. 
Science. 1999 Aug 20; 285 (5431): 1256-8; Apse MP. Blumwald E. Engineering salt tolerance 
in plants. Cun- Opin Biotechnol. 2002 Apr;13(2):146-50; Zhang and Blumwald Transgenic salt- 
tolerant tomato plants accumulate salt in foliage but not In fmiL Nat Biotechnol. 2001 

30 Aug;19{8):765-8; Zhang ef a/. Engineering salt-tolerant Bmssica plants: diaracterization of 
yield and seed oil quali^ in transgenic plants with Increased vacuolar sodium accuniulation. 
Proc NaU Acad Set U S A. 2001 Oct 23; 98(22):12832-6). Transgenic Brassica ns^us plants 
overexpressing AflMHX were able to grow, flower, and produce seeds in the presence of 200 
mM sodium chloride. Although transgenic plants grown in high sallnlfy accumulated sodium to 

35 up to 6% of their dry weight, growth of the these plants was only marginally affected by the 
high salt concentration. Moreover, seed yield and the seed oil qualify were not affected by the 
high salinity of the soil. 
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Furthermore, salt toterant monocofs were generated by tFansformatton into plants of an NHX 
gene. Ohta efaL (FEBS Lett 2002 Dec 18;532(3):279-82) engineered a salt-sensitive rice cuitivar 
(Oryza safrva cv. Kinuhikari) to express a vacuolar-type Na+/H+ antiporter gene from the 
S halophytic plant. Airiplox gmeSni (AgNHX). The activity of the vacuolar-type Na+/H-i- antiporter 
in the transgenic rice plants was eight-fold higher than that in wOd-^ype rice plants. Salt 
tolerance assays followed by non-salt stress treatments showed that the transgenic plants 
overexpressing AgNHX could sunHve urKler conditions of 300 wM NaCt Ibr 3 days whilst the 
w3d-type rice plants could not This indicates that overexpression of the Na-i>/H+ antiporter 

10 gene in rice plants significantly improves their salt tolerance. After salt-stness traatments, the 
surviving transgenic rice plants were transfeired to soil conditions without salt stress and were 
grown in a greenhouse. Although the number of tillers was reduced compared to untreated 
transgenic rice plants, the transgenic rice plants grew until the flowering stage and set seeds 
after 3.5 months, demonstrating that the salt shock did not completely damage the fertility of 

IS the traregenic rice plants. All these transgenic plants showed better survival capacity when 
grown on tiigh salinity media and showed %vBd-type phenofypes" on the green biomass level 
and on tfte level of flowering and seed-production, whilst the non-transgenic plants were 
suffering finom salt toxk:Hy. In tomato, tiie firuits of transgento plants were smaller than the fruits 
of wfld-type non^salt stressed plants. In summary, several reports have estat>fished a rote fbr 

20 NHX genes in salt tolerance. 

It was ther^ore unexpected to find that the growth characteristks of monocotyledonous plants 
could be improved by increasing expression in plants of a nucleic acid encoding an NHX 
protein and/or by increasing activity of an NHX protein, which monocotyledonous plants were 
25 grown under non-s£dt stress conditions. 

Therefore according to the present invention, thm is provided a method for improving the 
growth characteristics of monocotyledonous plants, comprising increasing, in a 
monocotyledonous plant, expression of a nucleic add encoding an NHX protein and/or by 
30 increasing activity of an NHX protein, whteh monooofyledonous plant is grown under non-salt 
stress conditbns. The growth characteristics are improved as compared to the growth 
characteristics of wild type counterparts grown under coiresponding conditions. 

The term "non-salt stress oorKJItions'' refers to sodium chloride levels in soil of below 15mM. 
35 Fbr some species even higher amounts of salt may be tolerated wiUiout any s^ns of stress. 
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A preferred method for increasing expression of a nucteic acid encoding an NHX protein 
and/ior for increasing activity of an NHX protein comprises introducing into a 
(monocotyfedonous) plant a nudeic acid encoding an NHX protein or a homologue, derivative 
or active fragment thereof. Tlie nucleic acid may be introduced into a plant by. for example. 
S plant transformation. 

The NHX protein is a sodium antiporter. OsNHX proteins are Na-t-ZH-*- antiporters located at the 
vacuolar membranes and function in excluding Na-t- from the cytosd to the vacuole In 
response to the electrochemical H+ gradient A characteristic of mammalian Na+/H+ 
10 antiporters is their inhibition by amiloride. A putative amiloride binding site has t>een defined in 
HsNHXI: DVFFLFLLPPI. This motif is highly conserved in yeast and plant NHX genes 
(Gaxiola et al 1999 PNAS; Yokio et al. Rant J. 2002 Jun; 30(6): 529^39). NHX proteins may 
theretbre readily be identified by the presence of the following consensus sequence for the 
amioride (sodium) binding site: FFXXLLPPII, where X may be any amino acid. 

15 

NHX proteins may also readily be identified by carrying out assays to determine Na'^/H+ 
activity. Such assays are well known in the art and include, for example, (i) functional 
oomf^mentation assays in yeast followed by determination of Na^ and or/ K-i- content (Yokoi 
a/. 2002 (Plant J. Jun. 30(5): 529-539); Yamaguchi et al. 2003 (PNAS Vol. 100. No. 21, Oct 
20 14 2003, pp12510-12515); (ii) transport assays, as for example described by Yamaguchi ef al 
2003; and (iil) transforming wild type yeast with the NHX gene of interest and cutfiva^ under 
increasing salt concerrtrations and assessing the diflferential growth t)ehaviour tiefween wild 
type and transformed strains. 

25 The expressfon 'NHX protein" as used herein refers to a protein having: 0) the following 
consensus sequence: FFXXLLPPII; and (ii") having (in increasing order of preference) at least 
20%. 25%. 30%, 35%. 40%. 45%, 50%. 55%. 60%, 65%, 70%. 75%. 80%, 85%, 90%. 95% or 
more sequence identify to the sequence represented by SEQ ID NO: 2; and/or (ili) having 
Na-»-Ai+ activity. Any nucleic acid encoding a protein falling within the aforementioned definition 

30 may be suitable for use in the methods of the invention. NHX proteins taOing under the 
aforementioned definition are referred to herein as "essentially similar' to the sequence 
represented by SEQ ID NO 2. A gene encoding an NHX protein is a gene essentially simiiar to 
the sequence represented by SEQ ID NO 1. The term "essentially simflar to" SEQ ID NO 1 or 
SEQ ID NO: 2 includes SEQ ID NO 1 or SEQ ID NO 2 Itself and includes homologues. 

35 derivatives and active fragments of SEQ ID NO: 2 and includes portions of SEQ ID NO: 1 and 
sequences capable of hyt)ridising to the sequence of SEQ ID NO: 1. The sequence of SEQ ID 
NO 1 has previously been deposited in the GenBank under the accessfon number AB021878 
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and the corresponding protein. SEQ ID NO 2. has been deposfted in GenBanIc under 
acxiession number BAA83337. 

The term "essentially similar to' also includes a complement of the sequences of SEQ ID NO: 
5 1 or SEQ ID NO: 2; RNA. DNA. a cDNA or a genomic DNA oonesponding to the sequences of 
SEQ ID NO: 1 or SEQ ID NO: 2; a variant of the gene or protein due to the degeneracy of the 
genetic code; allelic variant of the gene or protein; and different splice variants of the gene or 
protein and variants that are interrupted by one or more Intervening sequences. The temi 
'essentially similar to" also includes a family member or homologues, orthologues and 
10 paralogues of the gene or protein represented by the sequence of SEQ ID NO: 1 or SEQ ID 
NO: 2. Moreover, the conservation of NHX genes among diverse prokaryotic and eukaryoGc 
species also allows the use of non-plant NHX genes for the methods of the present invention, 
such as NHX genes/proteins from yeast, fungi, moulds, algae, plants, insects, animals, human 
etc 

15 

It should be clear that the applicabilfty of the invention is not limited to use of a nucleic add 
represented by SEQ ID NO 1 nor to the nucleic acid sequer>ce encoding an amino acid 
sequence of SEQ 10 NO 2. but that other nucleic acid sequences encoding homologues. 
derivatives or active fragments of SEQ ID NO 2 may be useful in the methods of the present 

20 invention. Nucleic adds suitable for use in the methods of the invention include those encoding 
NHX proteins according to the aforementioned definttion. le. having: (0 the following 
consensus sequence: FFXXLLPPII; and (ii) having (in Increasing order of preference) at least 
20%. 25%. 30%. 35%. 40%. 45%, 50%. 55%. 60%. 65%. 70%, 76%. 80%. 85%. 90%, 95% or 
more sequence identity to the sequence represented by SEQ ID NO: 2; and/or (Hi) having 

25 Na+/H+ activity. 

Examples of NHX proteins flailing within the aforementioned definition include: 
>VNHX1(AF1 06324: SEQ ID NO: 4 encoded by the sequence of SEQ ID NO: 3). AiHHKZ 
(AC009465), /UNHX3 (AC011623), /UNHX4 (AB015479). >\fislHX5 (AC005287) and >UNHX6 
30 (AC010793) all from Ambtdopss and described in Yokoi ef a/. 2002. AF007271 represents a 
cDNA encoding the ^flsiHXI protein, the other accession numbers correspond to the BAG 
numt>er in which genomic sequence for AtNHK 2 to 6 is given. Prediction programs, which are 
well known in the art, may be used to identify the coding regton of genes. 

35 
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Table 1 below (which is taken finom Yokoi et aL, 2002) shows the sequence identities between 
the different AmbHiopsis NHX proteins. Sequence identify was calculated as described in 
Yokoi e^ a/. 2002. 

5 Table 1: Amino acid simnarify comparison of the sbc AnUbUopsis lAa/rana family 
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The famfly mambeis are fisted in order oFsequsnce sfmflaray bagfnning wfth fcs prototype AtNHXI. Accession numbers 
corresponding to the AfotMopsfs genome sequence pn^ect database are ^ven In parentheses 



Further examples of NHX proteins fiaHing within the aforementioned definition include: SEQ ID 
NO: 5 and SEQ ID NO: 6 (AAR19085 from Afedtoago safiva); SEQ ID NO: 7 and SEQ ID NO: 
10 8 (AAK53432 from Suaecfa maritime), which are both dteots. 

Examples of genes originating from monoootyledonous plants include: SEQ ID NO: 9 and SEQ 
ID NO: 10 from maize (AAP20428): SEQ 10 NO: 11 and SEQ ID NO: 12 also from maize 
(AAP20429); SEQ ID NO: 13 and SEQ ID NO: 14 also from maize {AAP20430); SEQ ID NO: 
15 15 and SEQ ID NO: 16 also from maize (AAP20431); SEQ ID NO: 17 and SEQ ID NO: 18 from 
bariey (BAC56698); SEQ ID NO: 19 and SEQ ID NO: 20 from wheat (AAK76738); and SEQ ID 
NO: 21 and SEQ ID NO: 22 from rice (AAQ63678). 
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Examples of non>plant NHX proteins and their encoding genes, which also fall within the 
aforementioned definRion include: SEQ ID NO: 23 and SEQ ID NO: 24 (AAB6486i) from 
Sacchammyces cerewsiae; and SEQ ID NO: 25 and SEQ ID NO: 26 (EAA56466> from 
Magnaporthe grisea. 

5 

Other honx)logues indude homoiogues from Hordeum vuigara (AB089197); Triticum aesUvum 
(AY04246), Zea Mays (AF307944) and from Arabidopsis and Atriplex, as mentioned atx>ve. 

Preferably, the nucleic acid encoding an NI-DC protein is introduced into a mono cotyledo nous 
10 plant in a sense direction coupled to a tissue-spedfic promoter or to a weak constituth/e 
promoter. 

The nudeic acid to t>e used in the methods of the present invention may be artlfidal, wild type 
or native or endogenous. Attematively, the nudeic add may be derived from another spedes, 

15 which gene Is introduced into a plant as a transgene, for example by transformation. The 
nudeic add may thus be derived (either directly or indirectly (if subsequently modified)) from 
any source. The nudeic add may be isolated from a microbial sotffce, such as bacteria, yeast 
or iungl. or from a plant, algae or insect or animal (induding human) source. This nudeic acfaJ 
may he substantialiy modified frt>m its native form in composition and/or genomic environment 

20 through deliberate human manipulation. The nudeic add is preferably a homologous nudeic 
add, Le. a nucleic add obtained from another plant, whether from the same ptent spectes or 
different The nudeic acid may be isolated from a monocotyledonous spedes, preferably from 
the famSy Poaceae. further preferably from the genus Oryza- More preferably, tire nudeic add 
is as represented by SEQ ID NO: 1 or a portion thereof or a nucleic add sequence capable of 

25 hybridising therewith or is a nudeic add encoding an amino add represented by SEQ ID NO: 2 
or a homologue, derivative or active fragment thereof. 

According to the invention, enhanced or increased expression of an NHX protein-encoding 
nudeic add is envisaged. Methods for obtaining enhanced or increased expression of genes 
30 or gene products are well ddcumented in the art and indude, fr>r example, overexpression 
driven t>y an appropriate promoter, the use of transcription enhancers or translation enhancers. 
The term overexpression as used herein means any form of expression that Is additional to the 
original wild^type expression level. 

35 Alternatively or additionally, increased expression of an NIHX-encoding gene and/or increased 
activity of an NHX protein in a plant cell may be achieved by mutagenesis of the plant cell. For 
example, the mutations may be responslt^le for altered contrd of the NHX encoded gene, 
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resulting in more expression of the gene. The mutations may cause confbmrtational changes of 
the protein resulting in more activay of the protein. 

Mutations in the NHX gene may occur naturally and may form the basis of the selection of 
5 plants showing higher yield. These allelic variants may have improved activity, for example, via 
an improved affinity for ions. Therefore^ according to another aspect of the invention, there is 
provided a method for the selection of pants having improved growth characteristics, which 
improved growth characteristics are t>ased on increased activity of an NHX gerw. 

10 Methods for the search and identification of homologues of an NHX protein would be well 
within the realm of a person skilled In tfie art The search and identification of homologous 
genes involves the screening of sequence information available, for example, in public 
databases, that include but are not limited to the DNA Database of Japan (DDBJ) 
httD://¥vww.ddbi.niq.ac.ipD: Genbar>k- fhttD://www.ncbi.nlm.nih.qovAweb/Gent>anlc/lndex.htmn : 

IS and the European Molecular Biology Latx>ratory Nudeic Acid Sequence Database (EMBL) 
(http:/w.ebi^c.uk/ebi-docs/embl-db.html) or versions thereof or the MIPS database. A number 
of different search algorithms have t>een developed, including but not limited to the suite of 
programs refoned to as BLAST programs. There are five implementations of BLAST, ttiree 
designed for nucleotide sequence queries (BLASTN, BLASTX, and TBLASTX) and two 

20 des^ned for protein sequence queries (BLASTP and TBLASTN) (Coutson, Trends in 
Biotechnology: 76-60. 1994; Birren et al., GenomeAnalysis. 1: 543, 1997). Such methods 
invdve alignment and comparison of sequences. The BLAST algorithm calculates percent 
sequence identity and performs a statistical analysis of the similarity t^etween the two 
sequences. The software for performing BLAST analysis Is publicly availabie through the 

25 National Centre for Biotechnology Information. Other such software or algorithms are GAP. 
BESTFIT, FASTA and TFASTA. GAP uses the algorithm of Needleman and Wunsch (J. Mot. 
Biol. 48: 443-453, 1970) to find the alignment of two complete sequences that maximizes the 
number of matches and minimizes the number of gaps. 

30 The homologous genes may belong to the same gene famQy as the gene corresponding to 
SEQ ID NO 1. The analysis of a gene family may be carried out using sequence similarity 
analysis. To perform this analysis one may use standard programs for multiple alignments e.g. 
Clustai W. A neighbour-joining tree of the proteins homologous to NHX may be used to provide 
an overview of structural and ancestral relationships. Sequence identity may be calculated 

35 using an alignment program as descn'bed above, for example with the program align X as a 
module of the vrsTTi suite 5,5 software package, using ttie standard parameters. In the 
Ambidopsis genome a numt>er of family members of the NHX protein were identified (NHX1, 
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NHX2. NHX3. NHX4 and NHX5, Yotoi etaL 2002 The plant journal 30. 529-539). Therefore it 
is expected that in other plants such as rice other family memtaers of the NHX protein will later 
be identified. Advantageously, these family menters may be useful in the methods of the 
invention. 

5 

The above-mentioned analyses for sequence homology is preferably carried out on a full- 
length sequence, but may also be based on a comparison of certain regions such as 
conserved domains. The identification of such domains, would also be weO within the realm of 
the person skilled in the art and would involve, for example, a computer readable format of the 

10 nucleic adds of the present invention, the use of alignment software programs and the use of 
publicly available information on protein domains, conserved motifs and boxes. Thte 
information is available in the PRODOM 

(http://wvm.biochem.ud.ac.uk/bsFn/dbbrowseri!ji/prodomsrchj^^ PIR 
(htto://pif.Qeorqetown.edu/^ or pFAM (httD://pfam.wustl.eduA database. Sequence analysis 

1 S programs designed for motif searching may be used for Identification of fragments, regions and 
conserved dorriains as mentioned atsove. Preferred computer programs include, but are not 
limited to. MEME. SIGNALSCAN, and GENESCAN. A MEME algorithm (Version 2:2) may be 
found In version 10.0 of the GCG package: or on the Internet site 
http://www.sdsc.edu/MEME/meme. SIGN/^SCAN version 4.0 information is avaaable on the 

20 Internet sfte http://biosci.cbs.umn.edu/soiiware/sigscan.html. GENESCAN may be found on 
the Internet ste httD://onomlc.stanford.edu/GENESCANW.html . 

A person skilled in tiie art may use the homologous sequences provkied herein to find similar 
sequences in other spedes and other organisms. Sequences essentially simOar to any of SEQ 

25 ID NO: 1 to SEQ ID NO: 26 may be recorded on a computer readable media. As used herein 
"computer readable media" refers to any medium that can be read and accessed directly by a 
computer. Such media indude, tnjt are not HmHed to magnette storage medte. siich as floppy 
disc, hard disc, storage medium and magnetic tape, optical storage media such as CD-ROM, 
electncat storage media such as RAM or ROM. These readable formats wfi\ allow a skilled 

30 person to find homologues of the sequences in other plant species or other organisms. 

"Hontologues" of a protein encompass, peptides, oligopeptides, polypeptides, proteins and 
enzymes having amino add substitutions, deletions and/or insertions relative to the unmodified 
protein in question and having similar bidogical and functtonal activity as the unmodified 
35 protein from which they are derived. To produce such homologues. amino adds of the protein 
may be replaced by other amino ackls having similar properties (such as similar 
hydrophobldty, hydrophilicity, antigenicity, propensity to form or break o-helical sfrudures or p- 
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sheet stmctures). Conservative substitution tables aie well known in the art (see for example 
Creighton (1964) Proteins. W.H. Freeman and Company). "Homologues' of a nudeic acid 
encompass nudeic acids haying nucleotide substitutions, deletions and/or insertions relative to 
the unmodified nucleic add In question and having similar biological and lunctional activity as 
5 the unmodified nudeic add from wtuch tt>ey are derived. 

Suitable homotogues are those having: Q) the following consensus sequence: FFXXLLPPII; 
and (ii) having On increasing order of preference) at least 20%. 25%. 30%. 35%, 40%. 45%. 
50%, 55%, 60%. 65%, 70%, 75%. 80%. 65%. 90%. 95% or more sequence Identily to the 
10 sequence represented by SEQ ID NO: 2; and/or (In) having Na+/H-t- activity. Nudeic adds 
encoding such homoiogues am us^l in the methods of the invention. 

The percentage Identity may be calculated using an alignment program as mentioned at>ove. 
For example, the percentage identity may be calculated using the program GAP or the 
15 program aTign X, as a module of tfie vector NT1 suHa 5^ software package, using standard 
parameters (for example GAP penalty 5. GAP opening penaify 15. GAP extension penalty 
6.6). 

Two special forms of homology, orthdogous and paralogous. are evolutionary concepts used 
20 to descritie ancestral relationships of genes/proteins. The term "paralogous** relates to gene- 
dupiicafions within the genome of a species leading to paralogous genes. Ttie term 
"orthdogous" relates to homdogous genes in drfiierent organisms due to ancestral relationship. 
The term 'homoiogues' as used herein also encompasses paralogues and orthdogues of the 
proteins useful in the mettiods according to the invention. 

25 

Othoiogues in. for example, monocot plant spedes may easily be found by performing a so- / J 

called reciprocal blast search. This may be done by a first blast involving blasting the 

sequence in question (for example, SEQ ID NO: 1 or SEQ ID NO: 2) against any sequence 

database, such as the publidy avaQable NCBI database which may be found at 
30 htto://www. ncbi.nim.nih .gov . If orthdogues in rioe were sought, the sequence in question 

would be tilasted against, for example, the 28.469 full-length cDNA dones firom Oryza satrva 

Nipponbare available at NCBI. BLASTn or tBLASTX may be used when starting from 

nudeotides or BLASTP or TBLASTN when starting from the protein, with standard default 

values. The t>last results may be filtered. The fiitl4ength sequences of either the fittared results 
35 or the non-f3tered results are then blasted back (second blast) against the sequences of ttie 

organism from which the sequence in question is derived. The results of the first and second 

t>lasts are then compared. An orthologue is found when the results of the second t)last give an 

10 
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NHX nucleic acid or NHX polypepUde as hits with the highest simHarity. If one of the organisms 
is rice, then a paralogue is found. In the case of large fomilies. QusfalW may be used, followed 
by a neighbour jcrining tree, to help visualize the clustering. 

5 'Substitutional variants' of an NHX protein are those In which at least one residue in an amino 
acid sequence has been removed and a different residue inserted in its place. Amino acid 
substitutions are typically of single residues, but may be clustered depending upon functional 
constraints placed upon the polypeptide; insertions w9l usually be of the order of about 1-10 
amino acid residues, and deletions will range from about 1-20 residues. Preferably, amino add 
10 substitutions comprise conservative amino add substitutions. 

Inserfional variants'* of an NHX protein are those in which one or more amino add residues 
are introduced into a predetermined site in a protein. Insertions may comprise amino-terminal 
and^or carboxy-terminal fusions as well as intra-sequence insertions of single or multiple amino 

15 adds. Generally, insertions within the amino add sequence will be smaller than amino- or 
carisoxy-ierminal fusions, of the order of about 1 to 10 residues. Examples of amino- or 
cart)oxy4erminal fusion proteins or peptides indude the binding domain or activation domain of 
a transcr^onal activatDr as used in the yeast two-hybrid system, phage coat proteins. 
(histidine)64ag. glutathione S-transferase-tag, protein A. maltose-twnding protein, dihydrofdate 

20 reductase. Tag^lOO epitope, c-myc epitope. FtAG®-epitope. lacZ, CMP (calmodulin-binding 
peptide). HA epitope, protein C epitope and VSV epitope. 

*Deletion variants' of an NHX protein are charaderised by the removal of one or nnore amino 
adds finom the protein. Amino add variants of a protein may readily be made using peptide 

25 synthetic techniques weD known in the art such as sdid phase peptide synthesis and the like, 
or by recombinant DNA manipulations. The manipulation of DNA sequences to produce 
substitution, inseitkin or deletion variants of a protein are well known in the art For example, 
techniques for making subsUtution mutations at predetermined sites in DNA are well known to 
those skilled in the art and indude M13 mutagenesis, T7-Gen in vitro mutagenesis (USB, 

30 aeveland, OH), QuickChange Site Directed mutegenesis (Sfratagene. San Diego, CA). PGR- 
mediated site^iireded mutagenesis or other stte^lirBcted mutegenesis pnotocds. 

The term "derfvatives" of an NHX protein refers to peptides, oligopeptkles. pdypeptides. 
proteins and en^mes which may comprise substitutions, or deletions or addittons of naturally 
35 and non-naturally occurring amino add residues compared to the amino acid sequence of a 
naturally-occurring form of the protein as presented in SEQ ID NO 2. "Derivatives' of a protein 
as presented in SEQ ID NO 2 encompass peptides, digopeptides, polypeptides, proteins and 
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enzymes which may comprise naturally occurring altered, glycosylated, acylated or non* 
naturady occurring amino acid residues compared to the amino acid sequence of a naturally- 
occurring form of the polypeptide. A derivative may also comprise one or more non-amtno actd 
sut>stituents compared to the amino acid sequence from which it is derived, for example, a 
5 reporter molecule or other (igand, covalently or non-covalently bound to the arnino acid 
sequence, such as a reporter molecule which is bound to facilitate its detection, and non- 
naturally occurrirrg amino add residues relative to the amino acid sequence of a naturaDy- 
occurring protein. 



10 "Active fragments" of an NHX protein encompasses at least five contiguous amino add 
residues of a protein, which residues retain similar biological and/or functional activity to the 
naturally occumng protein. A preferred fragment of an NHX protein is a Oterminal truncated 
version of the NHX protein, lacking one or more or all of ttie 100 last amino, acids. Other 
preferred fragments are fragments of the NHX protein starting at the second or third or fttrther 

IS internal methionin residues. A further preferred fragment comprises the motif: FFXXUJPPIl. 
where X can be any amino add and^or wherein ttie protein lias Na*i7l-I+ activity. 



Advantageously, the method aocording to the present invention may also be practised using 

portions (fragments) of DNA or of a nudeic add sequence. The term "DMA fragment or DNA 
20 segment or portion' refers to a piece of DNA derived or prepared from an original (la>19e'') DNA 

molecule, which DNA fragment or segment, when expressed in a plant, gh/es rise to plants 

having modified growth characteristics. The DNA fragment or segment may comprise many 

genes, with or without additional contrd elemertts, or may contain just spacer sequences etc. 

The fragment is preferably greater than 66 nudeotides and further preferably encodes a 
25 protein comprising the motif: FFXXLLPPIl, where X can be any amino add and/or wtierain the 

protein has Na-^/H+ activity. In the case where portions are to be used as molecular markers, ^ 

or in other breeding applications, the portk^n may of course be much shorter. 



An NHX gene suitable for the methods of the present Invention also encompasses a nudeic 
30 add capat)le of hybridising with SEQ ID N0 1 . The term "hybridisatkin' as defined herein is the 
process wherein substantially homologous complementary nudeotide sequences anneal to 
each oth^*. The hybridisation process may occur entirely in solution, i.e. both complementary 
nudek: adds are In solutbn. Tools in mdeciriar btology relying on such a process include the 
polymerase chain reacfton (PGR; and all methods based ttiereon), subtractive hybrklisatton, 
35 random primer extension, nudease SI mapping, primer extension, reverse transcriptk>n. cDNA 
synthesis, differential display of RNAs. and DNA sequence determination. The hybridisafion 
process may also occur with one of the complementary nudeic adds Immobilised to a matrix 

12 
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such as magnetic beads, Sepharose beads or any other resin. Tools in molecular biology 
relying on such a process include the isolation of poly (A-»*} mRNA. The hybridtsafion process 
may furthermore occur with one of the complementary nudeic adds immobilised to a solid 
support such as a nitro-celiutose or nylon membrane or immobilised by e.g. photolithography 
5 to e.g. a siliceous glass support (the latter known as nudeic add arrays or mtcroarrays or as 
nudeic acid chips). Tools in molecular biology relying on such a process indude RNA and 
DMA gel blot analysis, colony hybridisation, plaque hybridisation, in situ hybridisation and 
microarray hybridisation. In order to allow hybridisation to occur, the nucleic add molecules are 
generally thermally or chemically denatured to melt a double strand into two single strands 

10 and/or to remove hairpins or other secondary structures from single stranded nudeic adds. 
The stringency of hybridisation is influenced by condittons such as temperature, salt 
concentration and hytmdisation buffer composition. High stringency conditions for hybridisation 
indude high temperature and/or low salt concentration (salts indude NaO and Nas-dtrate) 
and/or the indusion of fbrmamide in the hybridisation buffer and/or lowering the concentration 

IS of compounds such as SDS (detergent) in the hybridisation tHiHer and/or eso^iusion of 
compounds such as dextran sulphate or polyettiylene glycol (promoting molecular crowding) 
from the hybridisation buffer. Conventional hybridisation conditions are described in, for 
example. Sambrook (2001) Molecular Cloning: a laboratory manual. 3rd Edition Cold Spring 
Harbor Lat>oratory Press, CSH, New Yoric. but the skilled craftsman will appredate that 

20 numerous diffiarent hybridisation conditions may be designed in function of the known or the 
expected homotogy and/or length of the nudeic ackl sequence. With specificaliy hybridising is 
meant hybridising under stringent conditions. Specific conditions for "specifically hybridising" 
are for example: hytuldlsing under stringent conditions such as a temperature of GO^C followed 
by washes in 2XSSC. 0.1XSDS, and IX* SSC. 0.1X SDS. Suffidentiy low stringenqr 

25 hybridisation conditions are particularfy prefsrred to isofate nudeic adds heterologous to the 
DNA sequences of the invention defined supra. Elements contributing to heterdogy indude 
allelism. degeneration of the genetic code and differences In preferred codon usage. 

The methods according to the present invention may also be practiced using an alternative 
30 splice variant of a nucleic add sequence encoding an NHX protein, for example a spltee 
variant of SEQ ID NO 1. The term "aftematrve splice variant" as used herein encompasses 
variants of a nudeic add sequence in wtiich introns and/or axons tiave t>een excised and/or 
replaced and/or added. Such variants wfO be ones tn which the t)iological activRy of the protein 
remains unaffected, which may be achieved by selectively retaining functional segments of the 
35 protein. Such splk^ variants may be found in nature or may be manmade. Methods for making 
such splice variants are well known in the art Therefore according to another asped of the 
present invention, there is provkled. a mettiod for improving the growth characteristics of 
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monocotyledonous plants, comprising increasing expression in a plant of a nucleic add 
sequence encoding an alternative splice variant of an NHX protein and/or by modulating 
actrvity of a protein encoded by a splice variant of an NHX protein. The splice variant 
preferably encodes a protein comprising ttie motif. FFXXLLPPII. where X can be any amino 
5 acid and/or Na+TH+activily. 

Another method for modifying plant growth characteristics resides in the use of allele variants 
of a gene essentially simBar to SEQ ID NO 1 . ADelic variants exist in nature and encompassed 
within the methods of the present invention Is the use of these natural alleles. 'Allelic variants" 

10 are defined herein comprise single nucleotide polymorphisms (SNPs) as welt as small 
insertion/deletton polymorphisms (INDELs; the size of INDELs is usually less than 100 bp). 
SNPs and INDELs form the largest set of sequence variants In naturally occurring polymorphic 
strains of most organisms. Differences between alleles are naturally occurring diffsrenoes 
between the genes of different plants of the same spedes. These differences may be 

IS substitution and/or addition and/or deletion of for example 1, 2. 3 or more base pairs. The 
allelic variant preferably encodes a protein comprising the motif: FFXXLLPPII, wfiere X can be 
any amino add and/or Na+/H**- activity. 

Allelic variants may also find use in conventional breeding programs, such as in maricer 
20 assisted breeding where it Is sometimes practical to introduce allelic variation in the plants by 
mutagenic treatment of a plant One suitable mutagenic m^od is EMS imjtagenesis. 
Idenfification of allelic variants then takes place by, for example, PGR. This is followed by a 
selection step for selection of superior allelic variants of the sequence in question and which 
give rise to edtered growth characteristics. Selec&on is typically carried out by monitoring 
25 growth performance of plants containing different allelic variants of the sequence in question 
(for example SEQ ID NO 1). Monitoring growth performance may be done in a greenhouse or 
in the fisld. Further optional steps include crossing plants in which the supertor Allelic variant 
was identified with another plant This could be used, for example, to make a combination of 
interesting phenotypte features. 

30 

According to another aspect of the present invention, advantage may be taken of the HNX 
nudeotkle sequence in breeding programs. The nudetc add sequence may be on a 
chromosome or on a part thereof. The txeeding programs may be conventional breeding 
programs or maricer-assisted breeding programs in whteh a DNA maricer is identified which 
35 may be genetically linked to the HNX gene. This DfsIA maricer is then used in breeding 
programs to select plants having improved growth characteristics. 
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The methods according to the present invention may also be practised by introducing into a 
plant at least a part of a (natural or artificial) chromosome (such as a Bacterial ArtiTictal 
ChronfK>some (BAG)), which chromosome contains at least a gene/nucleic acid sequence 
encoding an NHX protein (such as for example a protein represented by SEQ ID NO 2), 
5 pr^eiably together with one or more related gene family members. Therefore, according to a 
further aspect of the present invention, there is provided a method for improving the growth 
characteristics of plants by Introducing into a plant at least a part of a chromosome comprising 
at least a gene/nucleic add encoding an NHX protein. 

10 The invention also provides genetic constnicts and vectors to facflitate the introduction and/or 
expression ar\d/or maintenance of the nucleic add encoding an NHX protein and promoter into 
a plant cell, tissue or organ are provided. The constructs are suitable for use In the methods of 
the invention. Therefore, according to a forther aspect of the present invention, there is 
prodded a genetic construct comprising: 
IS (i) a nudeic add encoding an NHX protein; 

(ii) a oontnol sequence capable of regulating expression of the nudeic add sequence 

of 0); and optfonally 
(Hi) a transcription termination sequence. 

20 The genetic construct may be an expressbn vector, wherein said nudeic acid sequence is 
operably linked to one or more control sequences allowing expression in prokaryofic and/or 
eukaryotk: host cells. 

Preferably, the control sequence is a tissue-specific prontoter, further prefiBrably a seed- 
25 specific promoter, more preferably an endosperm-specific promoter, most preferatily a 
prolamin promoter, such as for example a rice prolamin promoter (SEQ ID NO: 27). 

The term *tissue-specific' promoter as defined herein refers to a promoter that is expressed 
predominantly in at least one tissue or oigan. PrefiBrably the tissue-specific promoter is a 

30 prolamin promoter, with predominant expression in the endosperm, or a promoter of similar 
strength and/or a simOar expression pattem. Similar strength and/or similar expression pattern 
may be analysed for example by coupling the promoters to a reporter gene and checking the 
fonctfon of the reporter gene in tissues of the plant One well known reporter gene is beta- 
glucuronidase and the colorimetrtc GUS staining which may be used to visualize reporter gene 

35 activity in plant tissues. Examples of other seed-spedfic promoters are shown in Table 2 
t>elow. 
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Table 2 

Examples of seed-specific, promoters suitable for use in the peHdmnance of tlie present 



invention 



Gene source 


BJ(pff6S5ion psnsem 






seed 


Simon, etaL. Plant h/to!, Btof. 6: 191. 1985; 
Scofield. etal^J. Bhi. Chem. 262: 12202. 
19874 Baszczynski, et at. Plant M6L BtoL 
14: 633. 1990. 


Brazfl Nut albumfn 


seed 


Pearson. etaL. Plant Mol. Biol. 18: 23&'245. 
1992. 


fsgumin 


. 

seed 


EBts. et Plant Mol. BioL 10: 203-214. 
1988. 


glmaGn (rice) 


seed 


Takaiwa, et al., miol. Gen. GeneL 208: 15- 
22. 1986; Taks^wa. et al.. FEBS Letts. 221: 
43-47. 1987. 




rnrvt 

seso 


Matzka et al Plant A4of Bid, 14(3):323-32 
1990 


napA 


seed 


Stalbeig, ef a4 Plania f 99: 515-519. 1996. 


wnsai L-M w am ruvivv ytmoiair- 

1 




Mol Gen Genet 216:81-90. 1989; NAR 
17>461-2. 1989 


wheat SPA 


seed 


Albaru ef a( Plant Cell. 9: 171-164. 1997 


wheal OE, p» y-gBadins 


endosperm 


EMBO 3:1409-15. 1984 


bartey ttri piomotBr 


endospenn 




barteyB1»C.D.hoFdein 


endospenn 


TheorAppI Gen 98:1253-62, 1999; Plant J 
4'.343-55. 1993; Mol Gen Genet 250:750- 
60,1996 


bartey DOF 


endospenn 


Menaefar. The Plant Joumar. 116(1): 53- 
62,1998 




endospenn 


EP99106056-7 


^fnthsttc pfDfnotBT 


endospenn 


Vioente-Caib^iosa efaJl. Plant J. f3:629- 
640.1998. 


rfoa prblamln NRP33 


endospenn 


Wu ^ al. Plant Cefl Physibtogy 39(8) 685- 
889 1998 


rioe •glabufinGlb-1 


endospenn 


Wu at Plant Cell Physiology 39(8)885- 
889. 1998 


riceOSHI 


embryo 


Sato e^ 8( Pmc Natl Acad. Sd. USA, 93: 
8117-8122.1996 


rice •globulin REB/OHP-1 


endospenn 


Nakase et at Plant Mol- Biol. 33: 513-522. 
1997 


rice ADP-gJucose PP 


endospenn 


Tim Res 6:157-68. 1997 


mafeo ESR gen© tamSy 


endospenn 


Plant J 12:23546. 1997 


sofgum -kafirin 


endospenn 


PMB 32.1029-35. 1996 


KNOX 


embryo 


Postma-Haarsma et al. Plant MoL BtoL 
39:OT-71. 1999 


rfoeoteosin 


embryo and ateuron 


Wu et at, J. Btochem.. 123-386. 1998 


sunflower oleosin 


seed (embryo and diy seed) 


Cummins, et at. Plant MoL Biol. 19: 873- 
876.1992 


PR00117, putative rice 40S 
ffbosomal protein 


weak in endospenn 




PRO0135. rice alpha-globulin 


strong incuufosperni 




PRO0136. alanine 
aminotransferase 


WBak in endospenn 




PRO0147, trypsin inhSiHa- ITR1 
(bartey) 


weak in endosperm 
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PRO0151.ric6WSI18 


embryo * stress 




PRO0175. lice RAB21 


embryo + stress 




PRO0218. rice oleosin 18kd 


aleunone + embryo 





Also preferred is the use of a weak constitutive promoter, such as Pnos (the promoter of the 
nopaline synthase (nos) gene from A. tumeladens), which is a wefl-characterised and widely 
used weak constitutive promoter with expression around 10 lower than detected for the p35S. 
5 in plants. Other weak constitutive promoters include: pAdhl-intron: the promoter of the maize 
akx>hoI dehydydrogenase I gene (without the Adh1 Intron 1 the promoter is a weak promoter 
with expression about 10X lower than tiie pAdh1 plus Intron 1 downstream of the Adh1 
promoter). The Adhi gene is regulated by anaerobiosis (inducible). A preferred weak 
constrtutfve promoter is the maize ubiquttin promoter having a deleted first intron (SEQ ID NO: 
10 28). 

Persons skilled in <he art are well aware of the meaning of such terms as "strong constitutive 
promoters* and "weak constitutive promoters". Nevertheless, the temi "weak constitutive 
promoter* as defined herein refers to a promoter having expression levels that are 1 0X or less 
IS than a strong constitutive promoter. For example^ an ubiquib'n promoter (vtnth its first intron) is 
generally known to be a strong constitutive promoter, and it is also known that deletion of the. 
first intron reduces expressk>n of the promoter ten fold rendering it a weak constttufive 
promoter. 

20 Therefore a preferred genetic construct for use in the methods of the inventk>n comprises a 
tissue-specific promoter, preferably a seed-specific promoter, most preferably an endospemv 
specSic promoter and comprising an Nl-OC-enooding gene. Also preferred is the use of a 
genette construct comprising a weak constitutive promoter, such as tlie maize ubiquitin 
promoter with a deleted first intron and an NHX-encoding gene. 

25 

In the present invention, monoootyledonous plants are transformed with a genetb construct, 
such as an expression vector, comprising the sequence of interest operably linked to a 
promoter. Advantageously, any type of promoter may be used to drive expression of the 
nucleic acid sequence depending on the desired outcome. For example, a meristenvspecific 

30 promoter, such as the RNR (ribonudeofide reductase), cdc2a promoter and the <^c07 
promoter. couM be used to effect expression in all growing parts of the plant, thereby 
increasing cell proliferation, whk:h in tum increases yield, harvest index or biomass. If the 
desired outcome would be to (further) influence seed characteristk:s, such as the storage 
capacity, seed size, seed number, biomass etc., then a seed-specific promoter, such as p2S2, 

35 pPROLAMIN, pOLEOSIN could be selected. An aleurone-spedfic promoter may be selected in 
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order to increase growth at the moment of germination, thereby increasing the transport of 
sugars to the embryo. An infiorescence-speciric promoter, such as pLEAFY. may be utilised !f 
the desired outcome would be to modify the number of flower organs. To produce male-st^e 
plants one would need an anther specific promoter. To Impact on flower architecture for 
5 example petal size, one could choose a petal-specific promoter. If the desired outcome would 
be to modify growth arKl/or developmental characteristics in particular organs, then the choice 
of the promoter would depend on the organ to be modified. For es^mple. use of a root-specific 
promoter would lead to increased growth and/or increased btomass or yield of the root and/or 
phenotypic alteration of the root This would be particularty important where it is ^e root itself 

10 that is the desired end product, such crops including sugar beet, turnip, carrot, and potato. A 
fiuit-specific promoter may be used b> modify, for example, the strength of the outer stdn of the 
ffuit or to Increase the size of the fluit A green tissue-specific promoter may be used to 
increase leaf size. A cell wall-specific promoter may be used to increase the rigidify of the cell 
wall, thereby increasing resistance towards pathogens. An anther-specific promoter may be 

15 used to produce male-sterile plants. A vascular-specific promoter may be used to Increase 
transport from leaves to seeds. A nodule^pedfic promoter may be used to increase the 
nitrogen fixing capabilities of a plant, thereby increasing the nutrient levels in a plant Also 
constitutive promoters, such as the GOS2 promoter, or promoters with a simflar strong and 
ubiquitous expression pattm, may be usefid in the methods of the present invention. 

20 

Excluded from the invention are transgenic plants described in Ohte et ai. (FEBS tetters 532 
(2002) 27g-282). These plants contain the Na*/H* antiporter gene from A gmeTmi {AgNHX1\ 
which was amplified by PGR and digested with Sa/I and BamHI restriction enzymes. The 
restating fragment was inserted between the promoter region and the terminator region of the 

25 expression vector plG221 to produce p35S/l/AgNhx1. replacing the cDNA sequence of the 
GUS gene. The promoter region contains the cauliflower mosaic virus (CaMV) 35S promoter 
and the first intron of catelase from f^caius communis L., while the terminator region oonteins 
the polyadenylation signal of the nopaTtne synthetase gene (Nos). Subsequently, the 
expression cassette from p35S/I/AgNhx1 was inserted into the plasmid pHS6398 (Takara 

30 Biomedicals, Japan) to produce pHSG/AgNhx1 . 

The terms "regulatory element", "control sequence", "promoter* are all used herein 
interchangeably and taken in a broad context refer to regulatoiy nucleic acid sequences 
capable of effecting expresston of the sequences to which they are I'^ated. Encompassed by 
35 the aforementioned terms are transcriptional regulatory sequences derived from a dassica! 
eulcaiyotk^ genomic gene pnduding the TATA box which is required for accurate transcription 
initiation, with or without a CCAAT box sequence) and addifional regulatory elemente (i.e. 
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upstream activating sequences, enhancers and silencers) which alter gene expression in 
response to developmental and/or external stimuli, or in a tissue-specific marvier. Also 
included within the term is a transcriptional regulatory sequence of a classical prokaryotic 
gene, in which case it may include a -35 box sequence and/or -10 box transcriptional 
S regulatory sequences. The term "regulatory element" also encompasses a synthetic fusion 
molecule or derivative, which confers, activates or enhances expression of a nucleic add 
molecule in a cell, tissue or organ. The terms "control sequence*, 'regulatory sequence", 
"regulatory element* and "promoter" are used interchangeably herein. The term "operably 
linked" as used herein refers to a functional linkage between the promoter sequence and the 
10 gene of interest, such that the promoter sequence is able to initiate transcription of the gene of 
interest 

Optionally, one or more terminator sequences may also be used in the construct introduced 
into a plant The tenn terminator^ encompasses a control sequence which is a DMA sequence 

IS at the end of a transcrq>fional unit which signals 3' processing and polyadenylation of a primary 
transcript and termtnation of transcription. Additional regulatory elements may include 
franscripttonal as well as translational enhancers. Those skilled in the art will be aware of 
terminator and enhancer sequences, which may be suitable for use in perfbrmtng the 
invention. Such sequences would be known or may readfly be obtained by a person skilled in 

20 the art 

The genetk: constructs of the irwention may further include an origin of replication sequence 
which is requffed for maintenance and/or repticatton in a specific ceD type, Ibr example a 
bacterial oell, when said genetto construct is required to be maintained as an episomal gertette 
25 element (e.g. plasmid or cosmid molecule) in a cell. Preferred origins of repIicatkMi include, but 
are not limited to, the fl-ori and colEI origins of replication. 

The genetic construct may optionally comprise a selectable marker gene. As used herein, the 
term "selectable marker gene" Includes any gene which confers a phenotype on a cell in wtuch 

30 it is expressed to fiadliiate the Mentificab'on and/or selection of oefis which are transfected or 
transformed with a genetic construct of the Invention or a derivative thereof. Suitable maricers 
may be selected from markers that confer antibiotto or herbtekle resistance. Cells containing 
the recombinant DNA will thus t>e able to survive in the presence of antibiotic or herbtetde 
conoentrattons that kiU untiansfbrmed cells. Examples of selectable marker genes include the 

35 bar gene which provides resistance to the herbicide Basta; the neomycin phosphotransferase 
(nptll) gene which confers resistance to the antibfotic kanamycin; the hygromydn 
phosphotransferase (hptll) gene which confers hygromydn resistance. Visual markers, such 
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as the Green Fluorescent Protein <GFP) (Haseloff etah, Proc. Nail. Acad. Sd. U.SA 94 (6), 
2122-2127, 1997) and luciieFase may also be used as selectable marfcers. An entire plant may 
be generated from a single transfonned plant cell through cell culturing techniques known to 
those skilled in the art Other suitable selectable marker genes include the ampk:illin resistance 
S (AmpOi tetracycline res'tstanoe gene (T<f), bacterial kanamydn resistance gene (Kan^. 
phosphinothndn resistance gene, ^ucuronkiase (GUS) gene, and chloramphenicol 
acetyltransferase (CAT) gene amongst others. 

Recombinant DMA constructs for use in the methods according to the present nivent»n may 
10 be constnjcted using recombinant DNA technology well knowvn to persons skBled in the art 
The gene constructs may be inserted into vectors, which may t>e commerctally available, 
suitable for transforming into plants and suitable for expressbn of the gene of Interest in the 
transformed cells. 

15 The present inventk>n also relates to a method for the producfton of transgenic 
monocotytedonous plants, plartt cells or plant tissues, comprising introduction of a nudek^ add 
molecule of the invention in an expressible format or a vector as defined at>ove into a plant, 
plant cell or plant tissue. The nudete ackJ may be operably linked to one or more control 
sequences or may be integrated in a vector according to the inventkm and/or may be stably 

20 integrated into the genome of a plant ceil. 



The nudeic add molecule or a genetic construct according to the invention comprising the 
NiHX-enoodlng gene, may be introduced into a monocotyledonous plant cell using any known 
method fbr the trar)sf)ectk>n or transformation of a cell. A whole orgartism may be regenerated 

25 from a single transformed or transfeded cell, using mettiods known in the art Plant tissue 
capable of subsequent donai propagatfon, whether txy organogenesis or embryogenesis, may 
be tran sformed with a genetic construct of the present invention and a whole plant regenerated 
there from. The particular tissue chosen will vary depending on the donal propagation systems 
avaOable for. and best suited to, the partkutar spades being transformed. Exemplary tissue 

30 targets indude leaf disks, pollen, embryos, cotyledons, liypocotyls, megagametophytes, callus 
tissue, existing meristematic tissue (e.g., apicd meristem, axillary buds, and root merisiems), 
and induced meristem tissue (e.g., cotyledon meristem and hypoootyl meristem). 



The gene of interest is preferably introduced kito a plant by transformatkm. The term 
35 Iransformation" as referred to herein encompasses the transfer of an exogenous 
pdynudeotide Into a host cell, Irrespective of the method used for transfer. The potynudeotkte 
may be transiently or stably introduced bito a host cell and may be maintained non-integrated, 

20 
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for example, as a plasmid, or attematively, may be integrated into the host genome. The 
resulting transformed plant cell can then be used to regenerate a transformed plant in a 
manner known to persons skilled in the art. Transformation of a plant species is now a fairly 
routine technique. Advantageously, any of several transformation methods may be used to 
5 introduce the gene of interest into a suitaiste ancestor cell. Transformation methods Include the 
use of liposomes, eledroporatton, chemicals tiiat increase free DMA uptake, injection of the 
DMA directly into the plant, particle gun bomt)ardment, transfonnatfon using viruses or poHen 
and mkToprojecUon. Methods may t>e selected from the calcium/polyethylene glycol method 
for protoplasts (Krens. FA. et af.. Nature 296. 72-74. 1982; Negmtlu I. et aL, Plant Mol. Biol. 8. 
10 363-373, 1987); electroporatfon of protoplasts (ShBllto R.D. et at, BioH'echnol 3, 1099-1102. 

1985) ; microinjection Into plant material (Crossway A. ef a/., Mol. Gen Genet 202, 179-185, 

1986) ; DMA or RNA-coated particle Iwmbardment (Klein T.M. ef a/.. Nature 327, 70, 1987) 
infection with (non-integratfve) viruses and the like. A prefen-ed method according to the 
present inventfon comprises the protocol according to Hiei ef a/.. Plant J.. 6 (2). 271-282, 1994 

15 in the case of rice transformatfon. For com transformatfon, a preferred method according to the 
present invenb'on, comprises the Agrobacterium-to&seA transformation of an immature embryo 
as described in EP0604662, EP0672752. EP0971578. EP0955371 or EP0558676 orfoBowing 
the protocol of Frame et al. {Agmbacter^m tumefydens-metSated Uansfbrmatton of mwze 
emt^yos using a standard binafy vGctorsystem, Plant Physfol. 2002 IUIay;129(1):13-22). 

20 

Generally alter transfonnation. plant cells or cell groupings are selected for the presence of 
one or more markers which are encoded by plant-^xpressibie genes co-transferred with the 
gene of interest, following whksh the transformed material Is regenerated into a whole plant 
Folkiwing DMA transfer and regeneration, putatively transformed plants may be evaluated, for 
25 instance using Southern analysts, for the presence of the gene of interest copy number and/or 
genomic organisation. Alternatively or additionally, expression levels of the newly introduced 
DNA may be undertaken using Northern and/or Western analysis, both techniques being well 
known to persons having ordinary skifl in the art 



30 The generated transformed plants niay be propagated by a variety of means, such as by donal 
propagation or classical breeding techniques. For example, a first generation (or T1) 
transformed plant may be selfed to give homozygous second generatton (or T2) transformants, 
and the T2 ptante further propagated through classical breeding techniques. 

35 The generated transformed organisms may take a variety of forms. For example, they may be 
chimeras of transformed cells and non-transformed cells; clonal transformants (e.g., all cells 
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transformed to contain the expression cassette); grafts of transformed and untransformed 
tissues (e.g., in plants, a transformed rootstock grafted to an untransformed sdon). 

The present invention aiso provides monocotyledonous plants obtainable by the methods 
5 acoordtng to the invention, which plants have improved growth charactertetics when compared 
to corresponding wad-type plants. 

The present invention also provides a method for the production of a transgenic 
monocotyledonous plant having improved growth (^racteristics, which method comprises: 
10 (i) introducing into a plant cell a nucleic acid encoding an NHX protein; 

(ii) cultivating said plant ceO under conditions promoting regenerafion and mature plant 
growth. 

Preferably, the NHX gene is under the control of a tissue-spedfic promoter, preferably an 
IS endosperm-specific promoter or a weak constitutive promoter, such as the maize ut>iquitin 
promoter with deleted first intron. 

The invention also provided host cells containing an Isolated nucleic acid molecule encoding a 
NHX protein, preferably wherein the protein Is a plant NHX protein, such as one of the 
20 aforementioned plant-derived proteins. Preferably, in these host cells, the NHX encoding gene 
is in the sense orientation and under the control of a tissue specific promoter, preferably an 
endosperm-specific promote- or a weak constitutive promoter, such as the maize utiiquifin 
promoter with deleted first intron. 

25 The present invention extends to any transgenic monoco^edonous plant with improved 
growth characteristics containing an isolated nucleic acid molecule encoding an NHX protein. 
Prefienred host cells according to the invention are monocotyledonous plant cells. The present 
invention extends to any plant or plant cell produced by any of the methods described herein, 
and to all plant parts and propagules thereof. The present invention extends further to 

30 encompass the progeny of a primary transformed or transacted cell, tissue, organ or whole 
plant that has been produced by any of the aforementioned methods, the only requirement 
being that progeny exhibit the same genotypto and/or phenofypic characteristtc(s) as those 
produced in the parent by the methods according to the invention. The invention also extends 
to harvestable parts of a monocotyledonous plant, such as but not limited to seeds, leaves, 

35 flowers, fiuits, stems, rhizomes, roots, and bulbs. 



22 



wo 2004/106528 



PCT/EP2004/051022 



The term "plant* a$ used herein encompasses whole plants, ancestors and progeny of the 
plants and plant parts, induding seeds, shoots, stems, roots and plant ceOs, tissues, organs, 
suspension cultures, embryos, meristematic regions, callus tissue, leaves, gametophytes, 
sporophytes, pollen, and microspores. 

5 

Plants that are particulariy useful in the methods of the invention include sugarcane or cereals 
such as rioe. mai23e. wheat, bariey, mfllet, rye. oats or sorghum. 

Advantageously, perfomiance of the methods according to the present invention leads to 
10 plants having improved plant growth characteristics and/or having various improved growth 
characteristics, such as improved (modified) growth, improved yield/biomass and improved 
architecture, each relative to the corresponding wikMype plants and v&ien grown under non- 
salt stress conditions. 

15 The term Improved plant growth" as used herein encompasses, but is not limted to, a faster 
rate of growth in one or more parts of a plant (induding green biomass and including seeds), at 
one or more stages in the life cyde of a plant, and/or enhanced vigour, each relative to 
corresponding wOd-fype plants and grown under non-salt stress growing conditions. 

20 The term "modified yield", preferably "increased yield" encompasses an increase in biomass in 
one or more parts of a plant relative to the biomass of corresponding wSd-type plants and 
when grown under non-salt stress growing conditions. The term also encompasses an 
increase in seed yield, which includes an increase in the btomass of the seed and/or an 
Increase in the number of (IHIed) seeds arKl/or in the size of the seeds and/or an increase hi 

25 seed volume, each relative to corresponding wild-type plants and when gnTwvn under norv-salt 
stress growing conditions. An increase in seed size and/or volume may also Influence the 
composition of the seed, for example, they may contain more starch or more on and grovtm and 
produced under non-salt stress growing conditions. An increase in seed yield could be due to 
an increase in the number and/or size of flowers. An increase in seed yield might also increase 

30 the han^ index, whic^h Is expressed as the ratio of the total biomass over the yield of 
harvesfable parts, such as the seeds of a cereal. Increased yield/biomass refers to a better 
perfbrmar)oe of a plant under non-salt stress conditions compared to the performance of a 
wild-type plant 

35 According to a preferred feature of the present invention, performance of the methods 
according to ttie present invention result in plants having modified yield. Preferably the 
modified yield indudes. an Increase in number of filled seeds, an Increase in total number of 
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seeds, an increase in the total seed weight, an increase in thousand kernel weight, and 
increase in harvest index and an bicrease in the number of panicles each relative to the 
corresponding wild-type plants. 

5 TliereforB, according to the invention, there is provided a method for increasing yield off 
monocotyledonous plants, which nrtethod comprises increasing expression of a nucleic add 
encoding an NHX protein and/or modulating the acfivity of an NHX proton in a plant 

The methods of the present invention are particularly favourable to be applied to crop plants, 
10 preferably cereals, t>ecause the methods of the present invention are used to increase the 
seed yield, ttiousand Icemel weight and harvest index of the plant Accordingly, a particular 
embodiment of the present invention relates to a method to increase seed yield and/or to 
increase harvest Index of a cereal, comprising increasing expression of a nudeic acid 
encoding an NHX protein and/or modulating the activity of an NHX protein in a plant 

15 

The term "architecture" as used herein encompasses the appearance or morphology of a 
plant, including any one or more stoictural features or combination of structural features 
thereof. Such structural faahires include the shape, size, number, position, texture, 
arrangement, and pattern of any cefl, tissue or organ or groups of cells, tissues or organs of a 
20 plant, including the root, leaf, shoot, stem, petiole, trichome. flower, petal, stigma, style, 
stamen, pollen, ovule, seed, embryo, endosperm, seed coat, aleurone. fibre, cambium, wood, 
heartwood. parenchyma, aerenchyma, sieve element, phloem or vascular tissue, amongst 
others. Modified architecture therefore includes all aspects of modified growth of the plant 



25 The present invention relates to methods to improving growth characteristics of a plant or 
methods to produce plants with improving growth characteristics, wtierein the growth 
characteristics comprise any one or more selected from: Increased yield, increased blomass, 
increased total above ground area, increased plant height, increased number of tillers, 
increased number of first panicles, increased number of second panicles. Increased number of 

30 filled seeds, increased total seed yield per plant, increased harvest index, increased thousand 
kernel weight, increased Tmkl. increased T45 or t90, increased M2 or an altered growth 
curve. 



Also the present invention pravkles methods to aKer one of the above menttoned growth 
35 characteristics, without causing a penalty on one of the other growth characteristics, for 
example increased the above ground green tissue area while retaining the same number of 
filled seeds and the same seed yield. 
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The invention also lelafes to use of a nudeic add encoding an NHX protein and/or use of the 
NHX protein itself in improving the growth characteristics of monoco^edonous plants grown 
under non-sait stressed conditions. 

5 

The growth charadeilstics preferably indude increased yield/bioniass. modified architecture, 
increased seed yield and increased harvest index. > 

Those skilled in the art will be aware that the invention described herein is sut3ject to variations 
10 and modifications other than those specifically described. It is to be understood that the 
invention described herein includes an such variations and modifications. The invention also 
indudes all such steps, features, compositions and compounds referred to or indicated in this 
spedfication. individuaUy or collectively, and any and edi combinations of any or more of said 
steps or features. 

15 

The present Invention will now be described with lefiBrenoe to the following figures bi which: 

Fig. 1 is a map of a plasmid containing the Oryza sediva sequence CDS1608 which is the 
internal code for the cDNA encoding an NHX protein under control of the rice profamfn 

20 promoter (internal code PRO0090). the double temriinator sequence T-zein and T-rt>cS- 
deltaGA. located wiBiin the borders (the left border (LB repeat. LB T1 CSS) and the r^ht border 
(RB repeat. RB TT C58)) of the nopaline Tl plasmid; a screenaWe martcer and a selectable 
marker both doned within the T-txvders and each under a constitutive promoter and each 
followed by a terminator sequence tNOS and/or a poly A fail; origin of replicatton {pBR322 (ori 

25 + bom)) and a bacteria! selectable marker (Sm/SpR). 

Fig. 2 is a map of a plasmid containing the Oryza sa6Va sequence CDS1608 which is the 
internal code for the cDNA encoding an NHX protein, under the control of the maize ubiquitin 
promoter with deleted first intron (internal code PRO0221), the double tenninator sequence T- 
30 zein and T-rbcS-deltaGA, located within the borders (the left border (LB repeat, LB Ti C56) and 
the right border (RB repeat. RB Ti C58)) of the nopaline Tl plasmid; a screenable maricer and a 
selectable marker both doned within the T-borders and each under a constitutive promoter 
and each foil owed by a temrunator sequence tNOS and/or a poly A tail; origin of replication 
(pBR322 (ori + bom)) and a bacterial selectable marker (Sm/SpR). 

35 



Fig. 3 is an alignment from Yokoi et al., 2002 showing six Arabidopsls thaliana isogenes 
(AtNHX) encoding proteins that have domains with sequence similarity to metazoan NHE 
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NaVH-f- exchangers. The predicted peptides finom AtNHXI (AF106324). AtNHX2 (AC009465). 
AtNHX3 (AC0011623), AtNHX4 (AB015479). AtNHXS (AC005287) and AfNHXS (AC010793) 
are aligned based on analysis using the CLUSTAL V method (Higgins and Sharp, 1989). 
Residues that are identical in ail AiNHX family members are highlighted In black, those 
5 identical in subgroup 1 famBy members (AtNHXI are stiaded in dark grey, and those 
residues sped/Ec to the subgroup 2 famOy members (AtNHXS and 6) are highlighted in light 
grey. Putative transmembrane domains are indicated by Roman numerals. The consensus 
amiloride binding motif is indicated in transmembrane domain HI. 

10 Fig. 4 lists examples of sequences uselul in the methods of the inventioa 
Examples 

The present invention wai now be described with reference to the following examples, which 
are by way of illustration atone. 

15 

DISiA Manipulation 

Unless otherwise stated, recombinant DNA techniques are performed according to standard 
protocols described in (Sambrook (2001) Molecular Clonir^g: a lat>oratoiy manual, 3rd Edition 
Cold Spring Harbor Laboratory Press. CSH, New York) or in Volumes 1 and 2 of Ausubel et al. 
20 (Current Protocols in Molecular Bidogy. New Yoric John Wiley and Sons. 1998). Standard 
material and mettiods for plant molecular work are descrit»ed In Plant Molecular Btology 
Labfax (1993) by R.D.D. Cray, publtehed by BIOS Sdentato Publications Ltd (UK) and 
BlackweD Scientific Publnations (UK). 

25 Example 1: aaning the Rice NHXgene (CDS1608. SEQ ID N0 1) 

The rice gene encoding NHX1 (CDS1608) was amplified by PGR using as a template an 
Oryza sativa Japonica cv Nipponbare seedling cDNA library (Invitrogen. Paisley. UK). After 
reverse transcription of RNA extracted €rom seedlings, the cDNAs were doned Into pCMV 
Sport 6.0. Average insert size of the bank was 1.5 kb, and ttie original number of dones was of 

30 1.59x10^ du. Original titer was determined to be 9.6x10^ cfu/ml. after a first amplification of 
6x10" du/ml. After plasmid extraction, 200 ng of template was used in a 50 pi PGR mix. 
Primers pnnr>3122 (sense. AttB1 site in italic: S*- 

GGGGACAAGTTTGrACAAAAAAGCAGGCTTCACAJCrGGGGATGGAGGTG(^ (SEQ ID 
NO 30) and pmn3123 (reverse, complementary. AtiB2 site in italto: 5* 

35 GGGGACGACTTTGTAaAAGAAAGCreGGTGCACTGTTCATCTTCCTCC-S') (SEQ ID NO 
31). which indude the AttB sites for Gateway recombination, were used for PCR ampliTK^ation. 
PGR was performed using Hifi Taq DNA polymerase under standard conditions. A PCR 
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fragment of 1608bp was amplified and purified also using standard methods. The first step of 
the Gateway procedufe, the BP reacb'on. was then perfbmied, during which the PGR fragment 
was recombined in vn/o with the pDONR201 plasmid to produce, according to the Gateway 
temiinology, an "entry done". Plasmid pDONR201 was purchased from Invitrogen, as part of 
5 the Gateway® techiK)togy. 

The entry done was sut>sequent]y used in an LR reaction with p0830, a destination vector 
used for Oryza sathfa transf6rmatk>n. This vector contains as functional elements within the T- 
DNA t)orders: a plant selectat>le marker expression cassette; a screenable maricer expression 
10 cassette; a Gateway cassette intended for /n vivo recombination with the .sequence of 
interest already doned in the entry done. A rice prolamin promoter (PRO0090) for expression 
of the MHX gene was located upstream of this Gateway cassette. 

After the LR recomt^nation step, the resulting expression vector (Figure 1) was transfonned 
15 into Agrobactorium strain LBA4044 and subsequently into Oryza saGva plants. 

In a second experiment, the rice NHX1 coding sequence was doned in another destination 
vector, p02416. which comprised the same functional elements within its T-DNA borders, 
except that the promoter was a maize ubiquitin promoter without intron, instead of the rice 
20 GOS2 promoter. After the recombination step, the resulting expression vector p0494 
(Figure 2) was transformed into Agrca}acterium strain LBA4044 and subsequently into Oryza 
safr'va plants. 

Transformed rice plants were allowed to grow and were then examined for the parameters 
25 descritted in Example 3. 

Example 2: BfaluaUon of transgenfe rice iransfomea with ProlaminzzOsNHXI 
ana Ubiquian minus iniron 1:: OsNHXI 

Approximately 15 to 20 independent 710 rice transformants were generated. The prirr^ 
30 transformants were transferred from tissue culture chambers to a greenhouse for growing and 
harvest of T1 seed 5 to 6 events, of which the T1 progeny segregated 3:1 for 
presence/at>sence of the transgene. were retained. For each of these events, approximately 
10 T1 seedlings containing the transgene (hetero- and homo-zygotes), and approximately 10 
T1 seedlings lacking the transgene (nutlizygotes), were selected by monitoring expression of 
35 the screenable marker. 
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The selected T1 plants (approximately 10 with the transgene and approximately 10 without the 
transgene) were transferred to a greenhouse. Each plant received a unique barcode label to 
link unambiguously the phenotyping data to the corresponding plant The sdected T1 plants 
were grown in soil in 10 cm diameter pots under the following environmental settings: 
S photoperiod^ 11.5 h, daylight intensify^ 30,000 lux or more, daytime tempeiature^ 28X or 
higher, nighttime temperature^ 22**C. relative humidity= 60-70%. Transgenic plants and the 
corresponding nullizygotes were grown stde-by-side at random positbns. From the stage of 
sowing unt9 the stage of maturity each plant were passed several times through a d^ital 
imaging cabinet and imaged. At each time point digital images (2048x1536 pixels, 16 mIDion 
10 colors) were taken of each plant from at least 6 different angles. 

The mature primary panicles were harvested, tiagged, liarcode-labened and then dried for 
three days in ttie oven at 37''C. The panides were then threshed and all the seeds collected. 
The filled husks were separated from the empty ones using an air-blowing device. After 
IS separatton, both seed lots were then counted using a commercially avaOable counting 
machine. The empty husks were discarded. The filled husks were weighed on an analytk^ 
t>alance and the cross-sectional area of the seeds was measured using digital imaging. This 
procedure resulted In the set of seed-related parameters descnl)ed beksw. 

20 These parameters were derived in an automated way from the digttat images using image 
analysis software and were analysed statisticany. A two ^ctor ANOVA (andyses of variance) 
corrected for the unbalanced design viras used as statistical model for the overall evaluation of 
plant phenotypic ctiaracteristics. An F-test was carried out on all the parameters measured of 
all the plants of all the events transformed with that gene. The F-test was carried out to check 

25 for an effect of the gene over all the transformation events and to verify for an overall efliBct of 
the gene, also named herein "global gene effecT. If the value of the F test showed the data to 
be significant, it was concluded that there was a "gene* effect, meaning that not only presence 
or the position of the gene is causing the effect The threshold for significance for a true global 
gene effect is set at 5% probabHity level for the F test 

30 

Vegetative growth and seed yield were measured according to the methods as descn'bed 
above. The inventors surprisingly found that the Thousand Kernel Weight, the number of filled 
seeds, the total weight of seeds harvested, the harvest index, biomass and plant height were 
aU Increased in rice plants transformed with an OsNHXI gene compared to control plants 
35 without the OsNHXI gene. 
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The data obtained in a first experiment for the PRO0221::CDS1608 constaict were confirfiied 
in a second experiment with T2 plants. Three lines were selected for further analysts. Seed 
batches from the positive plants (both hetero- and homozygotes) in T1, were screened by 
monitoring marker expression. For each chosen event, the heterozygote seed batches were 
S then retained for T2 evaluation. Within each seed batch an equal number of positive and 
negative plants were grown in the greenhouse for evaluation. A total number of 120 OsNHXI 
transfomied plants were evaluated in the T2 generation, that is, 40 plants per event of which 
20 were positives for the transgene and 20 negative. 

10 Example 3: Results of the evaluation of transgenic plants transformed wHft 
PRO0090::CDS1608 or PRO0221:: CDS1608 

Vegetative growth and seed yield were measured according to the methods as described 
above. 

15 Evaluation of the PRO0090::CDS1608 construct 

In this first experiment, the inventors demonstrated that the harvest index and the Thousand 
Kernel Weight (TKW) were increased in the transgenic plants with the PRO0090::CDS1608 
construct (5 events tested) compared to corresponding nullizygous plants. The harvest index is 
herein defined as the ratio t)etween ttie total seed yield and the above ground area (mm^. 

20 multiplied by a factor 10^ The TKW of plants is derived from the number of fDled seeds 
counted and their total weight Statistical analysis showed that the measured increases for 
t)oth parameters were significant For the t^rvest Index and taking all the tested lines into 
account, an overall increase of 19% was found with a p-value for the F-test of 0.0428. 
Simflariy, an overall increase of the TKW of 4% was measured (p-value of the F-test 0.0337). 

25 These data show that there was a gk>bal gene ^ect causing an increase in harvest index and 
TKW. 

Evaluation of the PROD221;;CDS1608 construct 

In a second experiment transgenic plants carrying the PRO0221::CDS1608 construct were 
30 analysed. In an initial experiment plants firom 6 independent events of transformation were 
analysed at the T1 generation as previously described. An mcrease in plant height han/est 
index, number of filled seeds, seed fill rate (number of seeds filled over the total harvested) 
were observed for the transgenic plants when compared to their corresponding nullizygous. 
The positive effect being present in indhndual events and in some cases vnfh a gbbai gene 
35 effect Three events were selected for further analysis in the following generation, the T2 
generation. The analysis involved a greater numt)er of plants per event and was performed as 
described above. Data indicated that the transgenic plants had an overall Increase in harvest 
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index and seed fill late, strongly suggesting a global gene effect on the set of events analysed. 
Additionally, transgenic plants (when compared to their oorresporKling nullii^gotes) of 
indh/tdual events showed a significant increase in total aiea (biomass) in numtier of filled 
seeds and total seed weight 

5 

Table 3 below shows data for two parameters showing global gene effects over all the events 
tested: harvest index and seed filled rate. 

Tables 





T1 plants 


T2 plants 


parameter 


% Increase 


p-value 


% increase 


p-value 


Harvest Index 


20 


0.0112 


10 


0-0817 


Seed mi rate (*) 


21 


0.0114 


10 


0.0717 



10 

n Seed fill rate calculated as the ratio between the number of siDed seeds over the total 
number of harvested seeds. 

Number of filled seeds 

15 The number of filled seeds was determined by counting the number of faied husks that 
remained after the separation step. AO 6 tested lines showed an increase in fBled seed 
number, amounting to over 33%. There was an overall increase of 14% in the number of filled 
seeds produced t>y transgenic piante relative to corresponding null segregants. In the T2 
generation, there was a mean increase 15%, this mean increase was also statistically 

20 significant (p^value of 0.0433). The combined analysis of T1 and T2 date also oonfimied that 
the global gene effect was highly significant (p-value of 0.0086). 

Harvest Index 

The harvest index in the present invention is defined as the ratio between the total seed yield 
25 and the above ground area (mrn^, multiplied by a factor 10°. All six tested lines showed an 
increased harvest index, ranging between 1.6 and 18.26%. There was a significant overall 
gene effect (an effect associated with of the presence of the transgene) on harvest index (an 
overall increase of 20%). with a stetistically significant p-value for the F test of 0.01 12. Similar 
resulte were obtained for T2 plants. On average, the harvest index was increased with 10% 
30 (p-value of 0.0817). Here too, the combined analysis of the T1 and T2 date showed a global 
gene effect (p-value 0.0064). 
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